Abstract Hepatitis B testing is recommended for immigrants from countries where hepatitis B infection is endemic. However, only about one-half of Chinese in North America have received hepatitis B testing. We conducted a randomized controlled trial to evaluate the effectiveness of a hepatitis B lay health worker intervention for Chinese Americans/Canadians. Four hundred and sixty individuals who had never been tested for hepatitis B were identified from community-based surveys of Chinese conducted in Seattle, Washington, and Vancouver, British Columbia. These individuals were randomly assigned to receive a hepatitis B lay health worker intervention or a direct mailing of physical activity educational materials. Follow-up surveys were completed 6 months after randomization. Self-reported hepatitis B testing was verified through medical records review. A total of 319 individuals responded to the follow-up survey (69% response rate). Medical records data verified hepatitis B testing since randomization for 9 (6%) of the 142 experimental group participants and 3 (2%) of the 177 control group participants (P = 0.04). At follow-up, a higher proportion of individuals in the experimental arm than individuals in the control arm knew that hepatitis B can be spread by razors (P \ 0.001) and during sexual intercourse (P = 0.07). Our findings suggest that lay health worker interventions can impact hepatitis B-related knowledge. However, our hepatitis B lay health worker intervention had a very limited impact on hepatitis B testing completion. Future research should evaluate other intervention approaches to improving hepatitis B testing rates among Chinese in North America.
Introduction
Asians are one of the fastest growing racial/ethnic groups in the United States (US). The Asian American population increased nearly 50% between 1990 and 2000, and Asians are expected to comprise over 10% of all Americans by the year 2050 [1] . However, a recent review found that few US government-funded grants (0.2%) and research publications (0.1%) addressing health disparities in the US have focused on Asian Americans [2] . Chinese are the largest Asian sub-group in North America, and about 2,400,000 Americans and 1,100,000 Canadians are of Chinese descent. Most Chinese Americans/Canadians are foreign born and over two-thirds speak a Chinese language/dialect at home [3, 4] .
Hepatitis B virus infection is endemic in most Asian countries [5] . Therefore, it is not surprising that the rate of chronic hepatitis B infection among Chinese in North America is over 10 times the general population rate [6] [7] [8] . In Asian countries, hepatitis B transmission usually occurs vertically from mother to child at birth [9] . However, horizontal transmission can also occur through sexual intercourse or close household contact (e.g., by sharing razors) with a hepatitis B carrier [10] . Exposure to HBV results in infection that can either be asymptomatic or present as acute hepatitis. While hepatitis B exposure among adults is usually followed by immunity, a proportion of those who are infected become carriers of the virus [11] .
Carriers of hepatitis B continue to be potentially infectious to others and are at increased risk of chronic active hepatitis, cirrhosis, and liver cancer [8, 11] . These individuals may benefit from anti-viral therapy, often need regular screening for liver cancer, and should take precautions to avoid infecting others [8, [11] [12] [13] . Further, individuals who have not been exposed to hepatitis B and are at risk of future infection (e.g., the family members of carriers) should receive vaccination [14] . Therefore, the American Association for the Study of liver diseases recommends that population sub-groups at high risk for chronic hepatitis infection, including persons born in endemic areas of the world, receive hepatitis B testing [11] .
Available data indicate that hepatitis B testing rates are relatively low among Chinese populations in North America, and Chinese Americans/Canadians have important hepatitis B knowledge deficits [15] [16] [17] [18] [19] [20] . For example, only about one-half of Chinese living in Seattle, Washington and Vancouver, British Columbia report previous serologic testing for hepatitis B [15] [16] [17] 19] . The cochrane database for systematic reviews recently concluded that lay health worker interventions represent a promising approach to health promotion and disease prevention, and recommended further research on the effectiveness of lay health worker approaches for different health topics and population sub-groups [21] . We developed, implemented, and evaluated a lay health worker intervention that aimed to improve levels of hepatitis B serologic testing and hepatitis B-related knowledge among Chinese in North America.
Methods

Overview of Trial Design
Our trial was conducted in two west coast cities with sizeable Chinese communities: Seattle (Washington) and Vancouver (British Columbia). The researchers collaborated with Chinese community coalitions in both cities. Figure 1 summarizes the study design. Trial participants were individuals of Chinese descent who participated in baseline, community-based surveys (conducted in Seattle and Vancouver) during 2005. Chinese men and women were eligible for baseline survey participation if they were aged 20-64 years and able to speak Cantonese, Mandarin, or English. Six months after baseline survey completion, respondents who reported they had never been tested for hepatitis B were randomly assigned to an experimental group or a control group. Seattle and Vancouver participants were randomly assigned separately.
After random assignment, individuals in the experimental group received a hepatitis B lay health worker intervention. Control group participants received a mailing of physical activity print materials (pamphlet and fact sheet), as well as a pedometer with instructions for use. Our primary trial outcome was hepatitis B testing completion within 6 months of randomization. Secondary outcomes included the following knowledge variables: Chinese are more likely to be infected with hepatitis B than whites; hepatitis B can be spread during childbirth, during sexual intercourse, and by sharing razors; and hepatitis B can cause liver cancer. Trial participants completed a follow-up survey 6 months after receiving the hepatitis B lay health worker or physical activity direct mail intervention. Outcome ascertainment was based on follow-up survey responses. Medical record review was also performed for the primary outcome.
Translation and Personnel
All study materials that were read by participants (e.g., letters, consent forms, and pamphlets) were translated into simplified and traditional Chinese using standard doubleforward methods. Similarly, study materials that were read to participants (e.g., study questionnaires) were translated Introductory mailings were sent to households selected for inclusion in the survey. Subsequently, interviewers made multiple household contact attempts (including weekday, weekend, and evening attempts). If a household included two or more eligible Chinese adults, the nearest birthday method was used to select one study participant from the household. Interviews were conducted face-toface in participants' homes. Respondents received a small financial incentive for baseline survey completion.
Baseline survey participants specified their age, marital status, and educational level. They were also asked how many years they had lived in North America and how well they spoke English. Respondents were read the following statement: ''Hepatitis B is an inflammation of the liver caused by a viral infection. It sometimes makes the skin and eyes go yellow. People with hepatitis sometimes lose their appetite and experience nausea as well as vomiting.'' They were then asked if they had ever had a blood test to see if they currently have hepatitis B or have had it in the past. Finally, respondents were asked whether they thought Chinese or white residents of North America are more likely to be infected with hepatitis B; whether they thought hepatitis B can be spread during sexual intercourse, during childbirth, and by sharing razors; and whether they thought hepatitis B disease causes liver cancer.
The survey was completed by a total of 969 Chinese men and women (436 in Seattle and 533 in Vancouver). The cooperation rates for the baseline survey in Seattle and Vancouver were 58 and 59%, respectively. Individuals who completed the baseline survey were eligible for randomization into the trial if they had no history of hepatitis B testing (52% of Seattle respondents and 44% of Vancouver respondents). The sample for the randomized controlled trial included 460 individuals (226 in Seattle and 234 in Vancouver).
Intervention Materials
We used findings from an earlier qualitative study to develop culturally and linguistically appropriate materials for use in the hepatitis B lay health worker intervention [24] . These materials included a video (available in Cantonese, Mandarin, and with English sub-titles) and a pamphlet (with simplified Chinese, traditional Chinese, and English text). Our audio-visual and print materials emphasized the importance of hepatitis B serologic testing for all individuals of Chinese descent, and also addressed key hepatitis B facts. For example, the materials included information about the high rate of hepatitis B infection among Chinese, routes of person-to-person hepatitis B virus transmission, and the association between chronic hepatitis B infection and the development of liver cancer. Two visual aids were also developed by the project to emphasize key educational points: a world map showing rates of chronic hepatitis B infection by country and a graph showing liver cancer rates in North America by race/ ethnicity.
Lay Health Worker Intervention
Lay health workers made up to 11 attempts to complete an educational and motivational home visit with each experimental group participant. Individuals who refused a home visit were offered the educational materials (video and pamphlet). If a lay health worker was unable to contact a participant, the educational materials were mailed to his/ her home. The lay health workers were trained to act as role models, give social support, and provide tailored responses to each individual's barriers to hepatitis B testing (e.g., believing that testing is unnecessary for asymptomatic people). During home visits, lay health workers systematically asked participants if they could watch the video together, offered participants a copy of the video and pamphlet, and showed participants the two visual aids.
Follow-up Survey and Medical Record Review
To trace individuals who had recently moved, we used contact information for friends and relatives, provided at the time of the baseline survey, and the most recent telephone books for Seattle and Vancouver. The followup survey implementation procedures were identical to those used at baseline. Specifically, multiple contact attempts were made, the interviews were completed faceto-face, and a small financial incentive was provided.
Follow-up survey interviewers were unaware of each participant's trial randomization assignment. Our followup questionnaire included the same hepatitis B testing and knowledge items as the baseline questionnaire. Additionally, two follow-up survey questions assessed the use of hepatitis B audio-visual and print educational materials among individuals randomized to the experimental arm.
Follow-up survey respondents who reported they had received hepatitis B testing in the 6-month interval since their random assignment were asked why they had been tested. They were then asked to provide information about the date of testing, as well as the location of the clinic or doctor's office where testing was performed. Each of these participants was also asked to sign a medical release form giving project staff permission to request medical record verification of his/her self-reported hepatitis B test. A copy of the hepatitis B test result was then requested (from the relevant clinic or doctor's office) using a form that provided the participant's name, age, and selfreported date of testing. The project contacted each health care facility up to three times (twice by mail and once by telephone).
Process Evaluation
Process data were collected to document the implementation and content of our hepatitis B lay health worker intervention. Specifically, lay health workers routinely completed forms addressing the outcome of home visit attempts (e.g., agreed to participate in a home visit, refused a home visit but accepted the educational materials, or refused a home visit and the health education materials). They also documented use of the project video, pamphlet, and visual aids.
Statistical Analysis
We conducted an ''intent-to-treat'' analysis and included all randomly assigned individuals with follow-up data. Chisquare tests and, when necessary, Fisher's exact tests, were used to evaluate statistical significance with respect to differences in proportions. Unconditional logistic regression techniques were used to adjust for the following potential confounders: City (Seattle vs. Vancouver), agegroup (\45 years vs. C45 years), educational level (\12 years vs. C12 years), marital status (currently married vs. not currently married), proportion of life spent in North America (\50 vs. C50%), English language proficiency (spoke very well or fluently vs. did not speak well or at all). Regression analysis of knowledge at follow-up also included baseline knowledge (for the knowledge variable under consideration) as a covariate. Table 1 summarizes our follow-up survey response. The proportions of experimental and control group participants with follow-up data were 61 and 77%, respectively (P \ 0.001). The baseline characteristics of individuals assigned to the experimental and control arms (with follow-up data) are given in Table 2 . Our two trial groups were equivalent with respect to gender, age, educational level, proportion of life in North America, and English proficiency. However, the control group included a significantly higher proportion of currently married individuals than the experimental group (P = 0.03).
Results
Study Group Characteristics
Hepatitis B Testing
Twenty-two (15%) of the 142 experimental group participants reported hepatitis B testing following randomization into the trial, compared to 17 (10%) of the 177 control group participants (P = 0.21). Medical records were requested for 19 of these 22 experimental group participants (three experimental group participants refused to sign a medical release form), and 15 of these 17 control group participants (one control group participant refused to sign a medical release form and one control group participant reported testing outside North America). All the health care facilities responded to our requests for information about hepatitis B serologic testing. Medical records data verified hepatitis B testing since randomization for 9 (6%) of the 142 experimental group participants and 3 (2%) of the 177 control group participants (P = 0.04). (We were able to verify hepatitis B testing for four experimental group men and five experimental group women.) As described above, each follow-up survey participant who reported hepatitis B testing in the interval between random assignment and follow-up was asked why he/she was tested. Table 3 shows the self-reported and medical records verified hepatitis B testing data in relation to selfreported reasons for hepatitis B testing. Twelve experimental group participants indicated they had completed Moved and unable to trace 16 (7) 10 (4) hepatitis B testing because of information they received from the project, and we were able to verify testing for 6 of these 12 participants. A total of 14 participants (3 experimental group participants and 11 control group participants) indicated they had been tested as part of a regular check-up. None of these hepatitis B testing selfreports were verifiable.
Hepatitis B Knowledge Table 4 provides baseline knowledge levels and follow-up knowledge levels for the experimental group and the control group, as well as P-values for pre-intervention versus post-intervention comparisons by randomization arm. At baseline, only about one-third of the experimental group participants and control group participants knew that Chinese are at higher risk of hepatitis B infection than whites. In contrast, over-two-thirds of the individuals in both study arms knew that hepatitis B can be spread during childbirth and hepatitis B disease causes liver cancer. There were no significant baseline knowledge differences between the experimental and control arms. Six months after randomization, the experimental group participants were significantly more likely than the control group participants to know hepatitis B can be spread by razors (P \ 0.001) and during sexual intercourse (P = 0.03). Multivariable results for experimental group versus control group knowledge at follow-up (with adjustment for gender, age, educational level, marital status, proportion of life in North America, English language proficiency, city, and baseline knowledge for the knowledge variable under consideration) are given in Table 5 . Our experimental group was significantly more likely to know that hepatitis B can be spread by razors than our control group (P \ 0.001). Marginal statistical significance was also seen for differences in the following two knowledge variables by arm: Chinese are more likely to be infected with hepatitis B than whites (P = 0.09) and hepatitis B can be spread during sexual intercourse (P = 0.07). Table 2 Baseline characteristics of participants with follow-up data (N = 319) * Significant difference between intervention group and control group (P = 0.03) a Two respondents gave each of the following reasons: physician recommendation, gastrointestinal symptoms, family member with hepatitis B disease, and concern about exposure to hepatitis B. One respondent gave each of the following reasons: insurance exam, at high risk for hepatitis B, and wanted to prevent health problems. One respondent did not provide a reason for testing Table 4 Hepatitis B knowledge (N = 319) Intervention Exposure
Lay health workers were able to successfully complete home visits with 145 (63%) of the 231 individuals randomized to our experimental arm ( Table 6 ). The proportions of men and women in the experimental group who completed home visits were 66 and 60%, respectively (P = 0.41). Project personnel reported watching the video with 84 (58%) of the 145, home visit participants. The hepatitis B map and liver cancer graph were shown to 138 (95%) and 135 (93%) of the individuals who agreed to home visits, respectively. Finally, the video was left with 134 (92%) of the home visit participants and the pamphlet was given to 142 (98%) of the home visit participants. Among the 142 experimental group participants who completed a follow-up survey, 98 (69%) reported they had watched the hepatitis B video and 56 (34%) reported they had read the hepatitis B pamphlet.
Discussion
Three-quarters of the individuals who were randomized into our experimental group either agreed to participate in a lay health worker home visit or accepted the project's audio-visual and print educational materials (even though they declined to participate in a home visit). Our lay health worker intervention was associated with improvements in hepatitis B-related knowledge among the experimental arm participants. For example, the experimental group participants were more than twice as likely to know that hepatitis B can be transmitted from one person to another by sharing razors as the control group participants. While we found a statistically significant difference between the proportions of experimental group and control group participants who completed hepatitis B serologic testing (using medical records data), we were only able to document hepatitis B testing among 6% of the lay health worker intervention group. We previously completed a similar randomized controlled trial to evaluate a lay health worker intervention to promote the use of Pap testing among Chinese women in Seattle and Vancouver. Women who participated in community-based surveys and had not received recent Pap testing were randomized to a lay health worker intervention or control status. Outcome evaluation was based on results from a follow-up survey and medical records verification. About 39% of women who received the lay health intervention and 15% of controls received Pap testing in the 6 months following randomization (P \ 0.001). These results were confirmed by analyses using medical records data, as well as multivariable techniques [25] .
For most adults, hepatitis B testing is only required on one occasion (rather than at regular intervals). Fourteen of our trial participants reported they had recently been tested for hepatitis B during a regular check-up. However, we were unable to verify hepatitis B testing for any of these individuals. Therefore, it is likely that at least some Chinese Americans/Canadians think hepatitis B testing is completed during routine interval blood testing (e.g., at the time of annual physical exams). Future research might usefully focus on cognitive testing of survey items to assess individuals' hepatitis B testing status. Further, evaluations of intervention programs that aim to enhance levels of hepatitis B serologic testing in Asian immigrant populations should not rely on self-report data.
Several recent reports have addressed hepatitis B and liver cancer control initiatives for Asian Americans [26, 27] . The Jade Ribbon Campaign is a culturally targeted, community-based outreach program to promote the [27] .
Our study has several limitations that should be recognized. First, we recruited individuals living in selected areas of two cities, and the results may not be applicable to all Chinese Americans/Canadians. Second, only individuals who agreed to complete a baseline survey were eligible for participation in the trial, and survey responders may be more receptive to health education programs than survey non-responders. Third, although we requested the medical records of all individuals who reported hepatitis B testing since randomization, we made no attempt to verify the accuracy of self-reports among individuals who reported that they had not been tested. It is possible that some of these individuals received a hepatitis B test, without their knowledge, at the same time as another blood test. Finally, our trial had a differential loss to follow-up among the experimental group and control group, and individuals who completed the follow-up survey may have had different levels of hepatitis B testing and hepatitis B-related knowledge than those who did not complete a follow-up survey.
Conclusion
Our findings suggest that lay health worker interventions are acceptable to both male and female Chinese American/ Canadian populations, and can impact hepatitis B-related knowledge. However, our hepatitis B lay health worker intervention had a very limited impact on hepatitis B serologic testing completion. Given the resources that are required for lay health worker intervention approaches, the effect was not significant from a public health perspective [28] . Our findings also suggest that intervention approaches that are clearly effective in promoting the use of one recommended screening test (e.g., Pap testing) may be much less effective in promoting the use of other screening tests (e.g., hepatitis B serologic testing). Future research should evaluate other intervention approaches to improving hepatitis B testing rates among Chinese in North America.
